Details of light depolarization in turbid media were investigated using polarization-sensitive Monte Carlo simulations. The surviving linear and circular polarization fractions of photons undergoing a particular number of scattering events were studied for different optical properties of the turbid media. It was found that the threshold number of photon scattering interactions that fully randomize the incident polarization (defined here as <1% surviving polarization fraction) is not a constant, but varies with the photon detection angle. Larger detection angles, close to backscattering direction, show lower full depolarization threshold number for a given set of sample's optical properties. The Monte Carlo simulations also confirm that depolarization is not only controlled by the number of scattering events and detection geometry, but is also strongly influenced by other factors such as anisotropy g, medium linear birefringence, and the polarization state of the incident light.
Introduction
The pursuit to understand the mechanisms of light depolarization in multiply-scattering media began decades ago, and the search continues with renewed enthusiasm [1] [2] [3] [4] [5] [6] [7] [8] . The growing interest is partly due to the potential applications of the polarized light in biomedical diagnostics. One example is the application to blood glucose sensing [9] [10] [11] , where the optical rotation of the incident light and/or the glucose-induced refractive index matching effect may be related to tissue/blood glucose concentration. However, photons propagating in a multiply scattering media, such as biological tissue, lose their polarization information as a result of scattering. This makes the polarization-state-tracking techniques difficult and even impossible as the light becomes fully depolarized. Thus it is of significant importance to properly understand the mechanisms of polarization randomization in turbid media. Many prior studies have tackled this problem through analytical methods and simulations or through experimental methods to predict and evaluate the depolarization behavior. However, those methods yield largely qualitative and macroscale results, not precise enough to quantify when and how the polarization information is lost (e.g., the number of scattering events before <1% degree of polarization remains, defined here as the full depolarization threshold). Recently, Monte Carlo simulations have been used to study the light scattering in turbid media in terms of scattering orders [1, [12] [13] [14] [15] [16] [17] . Detailed descriptions of forward-or side-scattered light [12] [13] [14] 16 ] through low turbidity samples and backscattered light from high turbidity samples [1, 15, 17] were obtained, and the effects of the scattering properties and detection geometries on the light were examined. However, in all the above investigations, the turbid samples were limited to slab (cube) or semi-infinite geometry.
In this paper, we present a quantitative and microscale (scattering-event resolved) study of depolarization of light propagating through a cylindrical turbid sample, a geometry that may be useful in the context of blood glucose sensing due to its curvature similarity to finger tips and lips, using a polarizationsensitive Monte Carlo (MC) model developed in our group [18] [19] [20] . Since backward detection may have distinctive advantages in a clinical setting and in enhanced photon polarization preservation, our study focused on the depolarization of light scattered into the backward hemisphere. Specifically, we considered the cylindrical geometry and examined the effects of detection geometry, optical properties of the turbid media, and the state of initial polarization on the depolarization.
In the MC simulations, the detected photons were tracked by the number of scattering events they underwent, and polarization properties of each photon group were examined as a function of this number. This "zoom-in" method allows us to examine the depolarization evolution with the scattering events in detail, and pinpoint the full depolarization threshold. This depolarization study, combined with our previous photon path length distribution research [6] , may provide useful insights for polarimetric applications, especially for those using polarizationgating techniques. For example, as shown in greater detail in Subsection 3.A, we demonstrate that for a given number of scattering events, a larger portion of polarization-maintaining photons may be obtained at a detection angle smaller than the exact backscattering direction. Thus the imaging using the polariztion-gating method may have better contrast at a detection angle off the exact backscattering direction. Another potentially useful insight we discuss in Subsection 3.B is that unlike overall collected photons, for a certain number of scattering events, the depolarization of the photon subpopulation collected at a given angle may decrease with the increase of the turbidity of the media. Therefore, precaution should be taken in the diagnosis of a lesion in tissue by relating photon depolarization to the lesion-induced change in the tissue scattering coefficient. To ensure accurate and realistic predictions, our MC model of polarized light propagation in a complex turbid medium includes the effects of linear birefringence caused by anisotropic tissue structures (e.g., collagen and muscle). This is particularly important for biomedical polarimetry, as many biological tissues at accessible anatomical sites (e.g., skin) exhibit birefringent properties.
Theory

A. Monte Carlo Simulations
In our polarization-sensitive and validated Monte Carlo simulation [18] [19] [20] , based on the previous models of Kaplan et al. [21] and Jaillon et al. [22] , the photons are propagated between scattering events within a turbid sample. The Stokes 1 × 4 vector, describing light polarization states [S ¼ ð I Q U V Þ T, where I is light intensity, Q and U are horizontal and vertical linear polarization, and V is circular polarization] is transformed by the application of the 4 × 4 Mueller matrix describing the effects of an optical element on the light polarization state. The current study modeled the turbid medium as consisting of monodispersed polystyrene microsphere scatterers suspended in water, whose Mueller matrix could be calculated analytically from Mie theory [23] . Other polarization-modifying effects of the medium, such as linear birefringence due to structural anisotropy and circular birefringence due to chiral (optically active) molecules, were modeled via the modified N-matrix formalism as the photons propagated between the scattering events [20] .
Explicitly, the position, propagation direction, and polarization of a photon are initialized at the entrance of a cylindrical sample 40 mm in height and 8 mm in diameter. The cylindrical interface is characterized by 144 surface elements: 48 rectangular elements forming the sides and 48 triangular elements forming the top and the bottom faces. Since the side element is narrow (∼0:5 mm), its curvature can be ignored, so each rectangular side element is treated as a plane (0:52 mm × 40 mm). The photon propagates between scattering events within the sample if it does not cross the interface. The Stokes vector of the photon is transformed by the application of the Mueller matrix of the microsphere-caused scattering event, which is calculated from Mie theory [23] . When birefringence is present, specified by the extraordinary axis with refractive index n e and the ordinary axis with refractive index n o , the refractive index difference results in the retardation of orthogonal linear polarization states. The birefringence effect is thus modeled through the application of the Mueller matrix for a retarder, applied to the Stokes vectors of the photon between the scattering events. As mentioned, the Monte Carlo model can simulate the effects of both linear and circular birefringence (in addition to multiple scattering), via the N-matrix formulation suitable for handling simultaneous effects described by noncommuting matrices [20] .
If the photon encounters the sample boundary, its Stokes vector is transformed into the Fresnel reference frame. The internal and external refractive indices are set to 1.33 (for water) and 1 (for air). The photon's Stokes vector and propagation direction are modified based on whether the photon is reflected or transmitted. The probability of transmission or reflection is calculated from the polarization-dependent Fresnel coefficients and the polarization state of the photon at that point. If the photon is reflected, the propagation inside the sample continues. If the photon is transmitted, the macroscopic values of the Stokes coefficients are obtained from the sum of the Stokes vector components of emerging photons.
The transmitted photons are binned spatially into the surface elements, which are further divided vertically into smaller surface detection elements (0:52 mm × 0:98 mm). The photons can also be binned angularly within each surface detection element based on the exit angle that the propagation vector of the photon makes with the normal to the interface. Figure 1 is the schematic diagram of the cylindrical sample. A polarized beam enters the sample at O at the center of the vertically oriented cylinder. The escaping photons exit the sample at point Pðθ; ψÞ on the cylinder within a solid angle 2δ. δ is the angle that the propagation vector of the emerging photons makes with the normal to the interface, defined as acceptance angle (from 0°to 90°). θ is the angle between the forward direction and the normal of the surface detection element, defined as the detection angle [from 0°(forward) to 180°(backward)]. ψ is defined as azimuthal angle (from −90°to 90°), at which the photons exit the sample relative to the horizontal (x-y) plane. b is the orientation of the extraordinary axis when linear birefringence is considered. Unless specified otherwise, we chose the size of the surface detection elements to be ∼0:5 mm 2 , the acceptance angle δ ¼ 48°, and ψ ¼ 0 to simulate our experimental system [24] . Note that the size of the surface detection element and the value of the acceptance angle δ both affect the detected degree of photon polarization. The extent of the effects varies with detection geometry; we briefly revisit this issue in Subsection 3.A.
The detected photons are tabulated based on the number of scattering events they undergo within the sample, which is the key investigation method employed in this study.
B. Monte Carlo Simulation Input and Output
A large number (10 9 ) of horizontally or circularly polarized photons with a wavelength of 632:8 nm were launched in the simulations. The initial Stokes vectors were S i ¼ ð 1 1 0 0Þ
T for horizontally linear polarization input (in x-y plane of Fig. 1) , and S i ¼ ð 1 0 0 1Þ
T for circular polarization input. The beam size was 1 mm in diameter.
The output photons from the simulations were binned based on the number of scattering events, N, experienced within the sample. The bin number, N, varied from 1 up to ∼70, beyond which there was no remaining polarization recorded. There was also a N-unresolved cumulative bin, referred to as Total, containing all the collected photons without discrimination (that is, N varied from 1 to some large unbounded number). The parameters obtained from the simulations were thus indexed (β LN , β CN , DOP N , and I N ) and cumulative (β LT , β CT , DOP T , N a , and I T ). β LN and β CN are the surviving linear and circular polarization fractions of the photons in bin N, DOP N is the overall degree of polarization after N scatterings (¼β LN þ β CN ), I N is the number of photons (polarized and depolarized) in bin N. β LT , β CT , and I T are the corresponding parameters for the bin Total, DOP T is the total degree of polarization of the photons (with DOP T ¼ β LT þ β CT ), and N a is the average number of scattering events of the total collected photons, defined as
C. Optical Properties of the Turbid Media
The turbid sample was modeled as a suspension of monodispersed polystyrene microspheres in water. The refractive indices of the scattering particles and medium were n m 1:59 and n o ¼ 1:33, respectively. When the birefringence effect was studied, an extraordinary refractive index n e ¼ 1:3301 in value and 45°i n the x-y plane direction was implemented (i.e., n e − n o ¼ 0:0001), which is fairly typical of biological tissue [25] . The scattering coefficient of the medium μ s ranged from 50 to 300 cm −1 . For most simulations, μ s was set to 100 cm −1 to approximate the typical turbidity of biological tissue. The absorption coefficient was set to 0:00326 cm −1 for water at incident wavelength λ ¼ 632:8 nm. A range of scatterer sizes (radius r, from 0.1 to 2:05 μm) was used to generate different scattering anisotropy g (equal to the cosine of the average scattering angle), resulting in g values from 0.32 to 0.93 [23] . This microspheres-in-water formulation also allowed the calculation of the medium scattering Mueller matrix to be used in the Monte Carlo simulations (see Subsection 2.A). Fig. 1 . Cylindrical geometry used in the MC simulations. Linearly (in x-y plane) or circularly polarized light incidents at O on a vertically oriented cylindrical sample, 40 mm in height and 8 mm in diameter. The turbid sample is modeled as a water suspension with polystyrene spherical scatterers (0.1 to 2:05 μm in radius). The scattered light is collected by a small detector element at Pðθ; ψÞ on the surface of the cylinder with an acceptance angle δ. θ is the detection direction (the angle between the forward direction X and the normal to the detector element); ψ is the azimuthal angle at P. When modeling birefringence, an extraordinary axis b oriented in the x-y (incident) plane is assumed.
Results and Discussion
A. Depolarization by Scattering
To study the depolarization by scattering, linearly polarized photons were launched into a turbid medium with scattering coefficient μ s ¼ 100 cm −1 (scatterer radius r ¼ 2:05 μm, g ¼ 0:89). The scattered photons were collected in the incident x-y plane (ψ ¼ 0°), at detection angle θ from 99°to 180°. Figure 2 displays three typical variations of the surviving linear polarization fraction β LN as a function of the number of scattering events N, obtained at detection angle θ ¼ 99°, 135°, and 180°. As expected, all three curves show a decreasing trend with increasing N. But the three curves start at a different number of scattering events N∶1 for θ ¼ 180°, 17 for θ ¼ 135°, and 40 for θ ¼ 99°. In turbid media, the mechanism for photon redirection is the scattering process. Because of the geometry of O (entrance) relative to P (exit), single scattering is enough for photons to be backscattered (θ ¼ 180°) out of the sample, whereas at least ∼17 and ∼40 scattering events are needed for the photons to exit at θ ¼ 135°and 99°, respectively. So only the photons undergoing at least ∼17 scatterings can be observed at θ ¼ 135°, and photons undergoing at least ∼40 scatterings can be observed at θ ¼ 99°. It is also noticed from Fig. 2 that the same number of scattering events can yield different depolarization. For example, for N ¼ 40, β LN at θ ¼ 180°and 135°has dropped to 4% and 17%, respectively, but it remains as high as 50% at θ ¼ 99°This indicates that the depolarization depends not only on the number of the scattering events, but also on the redirection that scattering has caused and thus the detection direction. For this turbid medium with anisotropy g ¼ 0:89, which favors forward scattering, 40 scattering events cause
defined here as the full depolarization threshold), we note that it is also not unique but also depends on the detection angle θ. The full (linear) depolarization appears at N ∼ 50 for θ ¼ 180°, N ∼ 60 for θ ¼ 135°, and N ∼ 70 at 99°. Thus, fewer scattering events are more effective in depolarizing the light as one approaches the backscattering direction.
An additional interesting result from Fig. 2 
For example, at the same acceptance angle δð48°Þ, β L increased to 35% when the detection element was decreased from 0.5 to 0:3 mm 2 . Further, for the same 0:5 mm 2 detection element size, β L increased to 27% as the acceptance angle was reduced to 20°. It is shown in Subsection 3.B that the nonunity value of the surviving polarization fraction of the singlescattered light is scatterer-size dependent (and scattering-anisotropy dependent) as well. In fact, the nonunity degree of polarization in a backward single-scattering regime was also observed by other groups [26] [27] [28] . Jiao et al. [26] and Lee et al. [27] reported <100% degree of polarization in intralipid solutions for both linearly polarized and circularly polarized light using the polarization-sensitive OCT technique, with the degree of polarization also being intralipid concentration dependent. Sakami and Dogariu [28] reported <100% degree of polarization in absorbing and scattering medium for both linearly and circularly polarized incident light using a time-revolved discrete-ordinates method, with the resultant degree of polarization being influenced by the source-detector geometry.
B. Depolarization Dependence on Optical Properties of Turbid Media
Changes in optical properties of the turbid media, such as scattering coefficient μ s , anisotropy g, and birefringence, also influence light depolarization statistics to a significant extent. and 121°). These N values were specially chosen for the selected geometries-for θ ¼ 180°, N ¼ 1 is of particular interest; for θ ¼ 135°and 121°, N ¼ 45 yields meaningful β LN values. As seen, for N ¼ 1 and for detection angle θ ¼ 180°, β LN is not sensitive to a change in the value for μ s , with the value remaining almost constant at ∼22% for the range of μ s from 50 to 250 cm −1 . Since the singly backscattered photons leave the media after they encounter the first scatterer, the value for μ s only influences, on an average, how far the photons travel within the media before that scattering event occurs. Therefore in this case, the degree of polarization of the photons should not be influenced by a change in the value for μ s , as confirmed by the displayed results.
Significantly different trends are seen for the other (θ ¼ 135°and 121°) detection geometries. Somewhat counterintuitively, the surviving linear polarization fraction is observed to increase with an increasing value for μ s for these detection directions. In a turbid medium, depolarization of linearly polarized light primarily arises due to the randomization of the electric field vector's direction resulting from a random sequence of scattering events at arbitrary angles. Since large-angle scattering events lead to stronger randomization of the field vector's direction, photons experiencing a series of large-angle scattering events are depolarized to a larger extent than those experiencing small angle scattering events (even though the number of scattering events N may be the same). It may happen for a subpopulation of photons, encountering a certain number of scattering events (N ¼ 45 here) and escaping the medium through a certain direction (θ ¼ 135°and 121°here), the trajectories are such that, on average, the photons experience more large-angle scattering events for a lower value of μ s . Note that for a fixed value of N and θ, the average photon path length is also larger for lower μ s (because the scattering mean free path is larger for lower μ s ). Thus the angular randomization of the field vector's direction for this subpopulation of photons is stronger for a lower value of μ s , leading to stronger depolarization. However, when summed over all the scattering events, the total surviving linear polarization fraction (β LT ) should decrease with an increasing scattering coefficient. This follows because, for lower μ s , the overall distribution shifts to a smaller number of scattering events (a significantly larger contribution of subpopulation of photons with lower N), leading to weaker net depolarization (when summed over all N) for lower μ s . This indeed is the case, as can be seen from Fig. 3(b) , where β LT decreases gradually with increasing μ s for the three examined detection angles.
Results from the MC study also show that the variation in anisotropy g of the turbid media influences the light depolarization, as illustrated in Fig. 4 . Different anisotropies were achieved by changing the scatterer size (radius) in the simulations, while the scattering coefficient μ s was kept constant at 100 cm −1 . Figure 4(a) shows the relationship between the scatterer radius r and the resultant anisotropy g, calculated from Mie theory [29] . The sphere concentration was varied such that the resultant μ s was always 100 cm −1 . When scatterer radius r increases from ∼0:1 to 0:48 μm, the anisotropy g rises quickly, from ∼0:46 to 0.92. Further increases in scatterer size have smaller effects on g, as it remains high (0.81-0.95); a small relative minimum is seen at r ¼ 1:5 μm. The complex effects of g on depolarization are shown in Fig. 4(b) . The top curve exhibits the variation in surviving linear N-resolved polarization fraction β LN with N ¼ 1 and θ ¼ 180°, for the anisotropy g range of 0.32-0.89. The surviving linear polarization fraction β LN is relatively flat (∼60%) when g is small (between 0.46 and 0.53). It is then seen to undergo complex oscillations, with the highest value of ∼81% and the lowest value of ∼23% (note that the results in Figs. 2 and 3 correspond to this particular minimum). The surviving total linear polarization fraction β LN for θ ¼ 180°, the bottom curve of Fig. 4(b) , follows the similar trend but with smaller values than β LN¼1 , as expected. Further, we found that even the same anisotropy g value, resulting from different scatterer sizes as indicated in Fig. 4(a) , can yield different surviving polarization fractions, as shown in Fig. 4(c) . Scatter radii r ¼ 0:37, 1.14, and 2:05 μm yields the same g ¼ 0:89 from the Mie calculation, but produce different surviving linear polarization fraction β LN¼1 values: 53%, 21.5%, and 25%, respectively. The implication is that the anisotropy effect on the linear surviving polarization fraction β LN is, at least in part, also dependent on the scatterer size.
This phenomenon can be further investigated by examining the single-scattering phase function from the Mie scattering calculations. Figure 5 (a) plots the phase function in backscattering direction (Δθ ¼ 175°-180°) against anisotropy g, with corresponding scatterer size marked beside each data point. It demonstrates that the intensity of the scattering phase function in the backscattering direction varies significantly with anisotropy g, in a fashion similar to the depolarization trends observed in Fig. 4(b) . It is, thus, not surprising that higher phase function intensity in the backscattering direction yields higher surviving linear polarization fractions detected at θ ¼ 180°. In analogy with Fig. 4(c The effect of sample birefringence on depolarization was also studied. Birefringence was added to the simulations by assigning the extraordinary refractive index change value close to the typical biological values (n e − n o ¼ 0:0001), at a 45°angle in the x-y plane, as indicated in Fig. 1 . Birefringence differentially retards polarization components that are parallel and perpendicular to the extraordinary axis. In transparent media, this leads to a transfer of light polarization states (linear ↔ elliptical ↔ circular ↔ elliptical ↔ linear, etc.); in turbid media, this effect is more complex due to multiple scattering [20] . Figure 6 displays the effect of the birefringence for the backscattering detection direction θ ¼ 180°for incident linearly polarized light. Figure 6 birefringence, β LN drops linearly from ∼23% to ∼19% as the scattering-event number increases from 1 to 8. Conversely, with birefringence present, β LN does not decrease with N but actually increases slightly to ∼25% at N ¼ 8. To explore this further, Fig. 6(b) shows that in the presence of birefringence, circular polarization states appear in the beam (from zero, as the incident light was linearly polarized) and increase; the surviving linear polarization fraction (the same dataset as in Fig. 6(a) ] is also shown in the figure. This indicates that birefringence not only enhances linear polarization preservation, but transforms the linearly polarized light into elliptically polarized light. The increase of β LN and β CN with N implies that the birefringence effect is proportional to the photon path length. Larger N results in longer path length, thus the larger β LN and β CN values. This seems counterintuitive, but can be explained as follows. The longer path length increases the effect of birefringence, leading to more transfer from the input linear polarization to elliptical and circular polarizations; and these states have been shown to be better maintained in a high-g (forward-scattering) turbid media [2, 30] . As the light undergoes additional scattering events and the path length further increases, the polarization transforms back from circular polarization to linear polarization, as the orthogonal polarization states being retarded return to their original relative phase (i.e., once again linearly polarized). However, as the circular polarization has been better maintained while propagating through the scattering media, the linear polarization fraction is now higher than that seen with no birefringence present. Importantly, it should be noted that the effects of birefringence are strongly dependent on the orientation of the extraordinary axis relative to the input beam and its linear polarization axis [20] ; so the results in Fig. 6 are for a particular value of Δn and b.
C. Polarization State Effect on Depolarization
Our previous experimental studies have shown that circular polarization is better preserved in turbid media composed of forward-peaked scatterers [29] , in accord with literature results [1, 31] . To explore the details of this phenomenon, Fig. 7 shows MC simulation results for different incident polarization states (circular and linear), under otherwise identical conditions (r ¼ 2:05 μm, g ¼ 0:89, μ s ¼ 100 cm −1 ). Figure 7 (a) plots the surviving circular and linear polarization fractions, β CN and β LN , against the number of scattering event N (from 1 to 79) at θ ¼ 180°. As expected [30] , circular polarization is seen to be better preserved. After a single scattering event, circularly polarized incident light maintains ∼45% of its polarization, while linearly polarized incident light only maintains ∼24% of its polarization. Through ∼50 scattering events, the linear polarization is nearly lost (β LN¼50 ∼ 1:5%), whereas the incident circularly polarized light still maintains ∼12% polarization. For the detection angle θ ¼ 135°shown in Fig. 7(b) , β CN and β LN both start off at ∼60% for N ¼ 20, the minimum number of scattering events needed for this detection geometry. With the increase in N, β CN and β LN begin to diverge. β LN drops faster than β CN , down to ∼1% compared to 14% for β CN at N ∼ 60. Again, comparing Figs. 7(a) and 7(b) underscores the importance of the detection geometry-the trends seen for circular and linear polarization preservation are somewhat different (although β CN ≥ β LN for both detection angles), and a given number of scattering events N will result in different polarization preservation behavior depending on θ.
The total surviving circular polarization fractions β CT and β LT seen in Fig. 7(c) demonstrate that at all the detection angles in the backward hemisphere, circular polarization is better preserved than linear polarization. Further, the obtained degree of polarization DOP T ¼ β CT þ β LT from the simulations has similar values to β CT when input is circularly polarized, and to β LT when input is linearly polarized. It implies that the loss of circular and linear polarizations in the media is due to depolarization, not due to polarization state transformation (as seen from the discussions of Fig. 6 , birefringence is the driving force for polarization state transformation). Figure 7 not only confirms the enhanced polarization preservation of the circularly polarized light input, but indicates that difference diminishes with the decrease of detection angle and the number of scattering events. In another words, the potential advantage of using circularly polarized light to probe turbid media seems most prominent in (singly) backscattering applications. Finally, it is also interesting to note how the Nresolved β N curves of Figs. 7(a) and 7(b) sum up to the β T points seen in Fig. 7(c) , when weighted by the number of photons I N in each N bin. For example, the two β CN curves in Figs. 7(a) and 7(b) (θ ¼ 180°a nd θ ¼ 135°, respectively) span β CN ranges of [45%-8%] and [68%-12%], respectively. Without the insights afforded by the current modeling study, one would then estimate that the total circular degree of polarization would be somewhat lower at θ ¼ 180°compared to θ ¼ 135°. Yet this is not the case: when weighed by the values of I N , there result β CT ð180°Þ ∼ 38% and β CT ð135°Þ ∼ 16% as seen in Fig. 7(c) . This underscores the complexities of polarized light propagation in multiply scattering media and provides a useful example of the utility of developed formalism for studying the details of turbid media polarimetry.
Conclusions
We have studied light depolarization evolution in turbid media using polarization-sensitive Monte Carlo simulations. The photons exiting the cylindrical sample were tabulated based on the number of scattering events they encountered, and the surviving linear and circular polarization fractions of each photon group were studied for different detection geometries and optical properties of the turbid media. As expected, depolarization was seen to evolve at different rates when observed from different detection angles. Larger detection angles show a lower scattering number threshold for full depolarization (defined here as less than 1% of remaining incident polarization). For example, full depolarization requires ∼50 scattering events at θ ¼ 180°, while it takes ∼60 and ∼70 scattering events for complete polarization randomization at θ ¼ 135°and 99°, respectively. Besides scattering, depolarization is also affected by the polarization state of the incident light, and by the medium optical properties, such as scattering coefficient μ s and anisotropy g (and even scatterer size r through its effect on the scattering phase function). In the presence of linear birefringence, evidence for polarization transformation (linear ↔ circular) was seen, which can actually lead to a slight increase in the polarization preservation with increasing number of scattering events. In summary, this study exhibits some of the subtleties of the light depolarization mechanisms in turbid media that involve a complex interplay of the effects of scattering number, detection geometry, anisotropy g, medium linear birefringence, and the polarization state of the incident light, and provides a methodology for their detailed investigations.
